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AIISTRAC’I’

WC present the V and 1 light c.urvcs of a nova discovcmxl  iII tllc clisk of the

sljira,l galaxy Ml 00, located in tllc Virgo  cluster. l]] spite of the fact that tl]c

light curve is not wc]l sa]nplcd around ]naxi]num  light  and the rcxldming  to tllc

nova,  is not accurate] y k]lown,  by adopting the maxi]nu]n  ~nag]litudc  versus rate

of dcclinc relation by IIclla V~llc and I,ivio  (1 995, ApJ, 452, 704) wc clcrivc a

distance modulus to M1OO p. w 31.04 0.3, fully consistmlt with the Cc])l]cid

distance ]nodulus  of 31.04 3 0.17 ]nag  found by l“cmarcsc  CL al. (1 996, ApJ, in

press) from the same set, of llSrl’/WlI’l’C2  data.

Subjccd  headings:  Novac,  catac]ys]nic  variablm  - stars:  distances galaxies:

jndiviclua]  (M 100, NGC 4321)
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1. Introduction

‘1’hc aim of the IIubb]c  Space ‘1’clcsco~)c  (11 S’1’) Key  }’rojcct  on the l;xtragalactic

IJistallcc  Scale [e.g. l“rccdmal)  CL al. (1 994a), l’rccdlnan  CL al .  (1994b),  l“rccdman  et

al. (1994 c),  Mou]cl  ct al. (1995), l{cl)nicutt  et al. (1995)] is to rcfil)c the zero points  of

scc,ollclary  distance indicators by mca,suring  Ccphcid distances to a salnple  of 18 galaxies,

out, to distallcm of about 20 h!lpc. ‘1’hcsc  galaxies arc loc.atcd  in the field, slna]l  groups

(cog. lmo 1) allcl  larger clusters (Virgo and l“ornax).  II] addition  to Ccphcic]s,  several other

variable stars arc bound  to bc cliscovcrcd,  CVCII if the observing strategy is I)ot clcsigncd

to provide the best sampled light curve and/or  ~miod dctermi~latiol). l’ossiblc  dcicctions

are eclipsing binaricx , Sl]ort–  period variables suc,ll as 1{1{ ],yrac stars, ],u~ninous  IIluc

Variables --- and novae. Yhmn if a systematic search for any of these variables has noi  been

carriccl  out in any of the l’rojcxt’s  galaxies (after all, Ccphcids  are the primary objcctivc),

occasiollall  y some  of thcm arc ill fidct  observed [1’rccdman  ct al. (1 994a), Kelson  ct al,

(1 996), Silbcmnanll  ct al. (1 996), }’cumrcsc ct al. (199G)]. III particular, we report  in tllc

l)rcscnt work t}]c detection of a ])ova ill tllc s~)iral  galaxy hll 00, locatccl  in the Virgo cluster.

‘1’llis  is a truly  cxcitillg discovery: only a handful of novae have hccn obscrvccl  as f~r as

Virgo [two arc reported by IIubb]c  (IlowcI~ (1952)) ill h187, nine more in an immense effort

by l’ritchct  ancl van dc~l IIcrgh  (1987) ill N(;C 4472 and NGC 4365],

‘]’hc M 100 nova. surpasses all of the previous clisc.ovcrics  in terms of the sampli~lg  of

tllc light  curve and t}]e quality of the photomciry.  in spite of the fact that tl]c  usefulness

of onc  nova,  in Ml 00 as a distance indicator is limited (at best), mpccial]y  when a more

sc)lid  distance to the same galaxy is available t]lrough a sample of a few dozen  Ccpheids,

this nova is a precious addition to the sample  of IIovac almacly  know~l,  ill LIIC Galaxy, l,hl C,

hJ31,  M 3 3 ,  NGC 5128, hf181 and Virgo. Its cxccllcmt,ly dctcrlnincd  light c,urvc testifies

to tile case with which 11 S’1’  can  find SUC1l objects and to their l)otcntia] usc as distance
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indicaiors  j]] remote galaxjm. l~urthcmnore,a coln])arisol]  wjt]l the Ccphcicl  distance allows

m asscssmcmtof the quality of t}~cl~laxiI~llll~ll  ~~agl~it~l{lc\  ’ers~ls  rate of decline (Mhlltl))

rclatjon  for novae, After the discmmy  of the Ml 00 nova, tl]c  phoiomctry  for all of the Key

l+wjcct galaxies js currcmtly  being rc-cxalnjllcd  i]) a scam]] for IIovac.

III tl)is  short  letter, wc tl)ercforc report tllc discovery of the hl 100 ]~ova, prcscmt  its V

al)d I ]ig;llt  curves, an c1 apply to it tllc hlh!ll{l)  rclatiol). WC also discuss briefly the nova

rate jn Ml 00.

2. O b s e r v a t i o n s

‘1’hc set of observations that  lcd to the detection of the hl 100 nova arc pmsmtccl in

dctai] and cxtmsivcly  cliscusscd  in l’cmarcsc  ct al. (1 996) and hill d al. (1 996). 11] t hose

IJa})crs  tl]c  rcaclcr  can  also fi])d dctai]s of the reduction proccdum allcl the photometric ,

ana lys i s .  IIcrc it sufliccs  to say that  tlic ]lova was olmcrvcd  i]] twelve V (I>555W) ancl fom

1 (l%]  4W) epochs using the Wide K’jcld and l’lallctary  Camera 2 on board 11 S’1’.  ‘1’hc

ohsc~vatjons  span a period of 58 days. Ilnfortullatcly,  the IIova outburst occurred bctwccn

tlIc first and tl]c  second epoch, wlljcll arc set about  11 clays a})art,  ancl  wc tllcrcfore  lack

g;ood salnpljng  of tl)c  light  curve near lnaxilnum  light.

3. Results and Discussion

l’lat,c  1 shows a gray scale groul)c]-based image of hll 00, obtained by R. l’clcticr  with

tl]c Isaac Newton ‘1’clcscopc at l,a }’allna. W C IIavc superimposed a deep 11 Srl’/V1711’l)C2

exposure  obtaillcd  by colnbining  a]] twc]vc  V cpoc]]s, ‘1’hc IIova,  shown  by Ll]c white cjrclc,

was found ill an ul)mowdcd rcgiol] in the outer part of the galactic disk. ‘1’hc, low stclla,r

dcllsjty in the region around  LIIC nova is bctt,cr seem ill l)latc 2, wllic.h  shows a 22” x 22”
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rcgio]l cmtcrml on the nova itself, as it al)pears in the first  (before outburst), second, sixth

and last c!poc.hs. ‘1’lIc d ramat ic  cllangc  in thcbrightncxs  of then ova bctwwm) subscclucmt

cpoc])s  is readily apparmt. ‘1’he abscmccof nearby  compan ions  and bright  stars ]nakes  ii

very cmy to obtain  extremely accurate photolnciry  ill this region, as testified  by tllc very

low cmors  associated with the IIova lnagllitudm  (rj’ab]c 1).

‘l’he V and 1 light  curves of the hll 00 nova arc SIIOWII in l“igure  1 al)d tabulated in

‘1’ab]c 1, Although wc arc missing data arou~lcl  maximulll  light,  the dcxli~)ing  ]Jart of tl]c

light curve i s  beau t i fu l ly  samplcx].  WC belicwc this to bc all i]nportant  result  on its own

account: since well samplcc]  (high accuracy) nova light curves arc spare in the litm-aturc,

tl)c  h!l 100 nova provides a uscfu]  telnplate  for novae with similar cleclinc rates. ‘1’hc nova

lig}jt c.urvc, lillcar in the  carlimt part, o f  the  dcclinc ancl tl]cn  slopilig  mom gcnt]y at later

tilncs,  is typical of very well sampled novae foul]cl  in the literature [e.g. Nova Cyg 1975 and

IIova Cyg  1978, van dell IIcrgh  anti Younger (1 987): wc note that tl]e  almost linear  cleclinc

s}]own by s o m e  n o v a e  (e.g.  ]{osino (1 973),  Alp (] 956),  val] C]CI1 ]Icrg]l  and >’oungc]’  (1 987))

is most likely  the result of poor temporal samplil)g  rather than being intrinsic].

AD accurate distance tc) h4100 was clctcrlnillccl  as a ])art of tl]c  IIS’J’  Key  l’rojcct on

the ltxtragalac.tic  IIistancc Scale, by fitting l’criocl-l,umil]  osity  relations to a sample  of 52

Cephcicls  founcl  from the same set of 11 Srl’/Wl{’l’C2 clata i~l which  the nova,  was discovcmxl

[1’crrarcsc  et al. (1996)]. ‘1’he Ml 00 Ccyhcicl  distanm  II1OC1U]US  is IICI = 31.043 0.1 i’ mag,

and the total (Galactic plus il]tmmal)  lncan color cxccss  1~(11 - V) = 0.10 * 0.06 msg.

‘1’hc usefulncxs  of novae  as clistancc  indicators relies  on tile existence of a rc.latio]l

bctwcm]  the absolute ma.gnituc]c  at maximum light ant] the rate of clcclille, also known

as tllc hflhllll]  relat ion.  III this paper wc aclopt tllc forlllulation  of the hlhll{l)  relation

obtaillcd  by lhd]a  Vallc  a]lcl ]Jivio (1 995). Wl)ilc  ii i s  not, possib]c  to obtain  a rcliab]c

distallcc  tc) Ml 00 basecl  cm onc  nova, it is useful to csti]nate  a distance o]] the basis of lhc
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relation, as a consistm]cy  c1

‘I’llcrc arctwo)nail~  so~llccso  fullccltaillticsill  dcrivinga  clistallcc  to h4100 from  tlIc

nova  light curve: the V lnagnitudc  at maximum light, ancl the rccldcllillg.  ‘1’hc rccldcnillg  for

the nova is likely lower  than for tllc Ml 00 Ccpheids  [1~(1~ -- V) = 0.103  0.06 ]nag,  l(’clralcsc

CL al. (1996)], since Ccphcids  arc found in regions of IIIOre rcccllt sta~--forming  a~tivity  ZU~d

]norc  dust. On the other hand, the rccldcl)illg  of tllc IIova cannot bc lower  t,hal] l)rovidcd

Ly the Galactic foreground extinction: l;(}) – V) = 0,01 + 0.015 mag [Ilurstcin  and IIcilcs

(1984)]. 1], all cases, following l’errarcsc  ct al. (1996), wc will assulnc  Av/31(lJ  - V)= 3.3,

tllc standard value for the interstellar mcclium,  and adopt the reddening law by Carclclli,

Clayton  and h4athis  (1989).

An upper  limit to the clistancc  can bc easily dctcminccl: adopti]]g  tllc lower limit for

the reddening (since wc are deriving an upper  limit to t}lc  distance, lJ(l~ --V) = 0.01 + 0.015

< 23.963 0.04 mag (cqua]  to the lnagnit,udc,mag), wc can conf]dcntl  y say that  ??bt~j _.

corrcctcd  for extinction, at the scconc] epoch). Counting from this magnitude, the time

taken by the nova to decline by two magnitudes is t2 N 19 days which, when substituted into

the l)clla Vallc  and l,ivio  (1995) MhJRl) relation, gives J1411 ~ –8.1 lna.g. ‘1’hc corresponding

distance modulus then must h j~o ~ 32.1 lnag.

011 the othcx  hand, a lower  limit to the distance call bc obtained assuming that tllc

light curve has zero rise-tilnc (i.e. LIIC maximu]n  is rcacllcd  at, tl]c  first  cpoch),  and a

‘sawtooth’ shape  (i.e. the clcclinc is linear): l,ivio  (1 992) sl)ows that  llovac light curves in the

car]y phase of the dcc]ine  arc indcmcl  approxilnai,cly  linear,  with a slope  equal to 2/i2.  Sil]cc

wc arc calculating a lower  limit to the distance, wc adopt tl)c  uypcr limit on t}lc  rcddcming

(1~(}1 - V) = 0.1030.06 mag).  IIy fitting a straighi  line to the first three points  (after

maximum) in our light curve wc obtain  i2 =. 11 days (i2 Z- 13 days if the first four points

arc used). l’rom the l)clla Vallc  and l,ivio  (1995) h!hflltl)  rclatiol],  i14v =: --8.6.  According



7

to our assumptions,  the apparent  lnagnituclc  at lnaximum must bc fdintcr  t,llall  tl]c  A4v

intercept  of the straight  line at tl]c  tilnc  comxpondi~]g  to tllc first  CIJOCA (Jl J=2449465.  i’8),

77~tz > 22.1 msg. 1+’rom  this, we obtain }/0 ~ 30.7 lnag.

A mom prccisc estimate of the distallcc  modulus call hc attclnl)tcxl  by k~lowillg  that

at lnaxilnum  lig}lt (11 –- V)&o T :. - I 0.234 0.00 [va]l dml IIcrgl)  and Younger (1987)]. ‘1’llis

i]nplim that the nova progenitor is of spectra] type bct,wce]i A 7 and }$0, therefore tllc

11- V color translates to (V - l)~’or w 0.37 + 0.10 [e.g. Zombcck (1990)]. According

to the arguments prcscmtecl earlier in this section, we constrain the rcdclcmillg  to be

11(1~ -- V) =- 0.06 i 0.03 mag (where the error rcprcscnt,s  the standard  deviation assuming

a uniform probability distribution over  tllc raIIgc  0.01 < 11(}1  - V) ~ 0.10). If the V ancl

1 light curves arc fit with an cxponcmtial  profile  (tllc best fits  arc shown in F’igum 1 ) tl)c

cc)ndition  on (V – l)~’”r  is satisfied for V N 22.27 3. 0.11 ]nap; , implying  tz N 8.4 4 0.7

days,  f14v N –8.77 + 0.04, and p. N 31.04:0.2.  ‘1’o this formal error, wc need to aclcl

(ill  quadrature) the uncertainty due to L}]C intrisic  scatter observed around LI]C h~h~}{l)

rc]ation, corresponding to o N 0.2 mag [e.g. l)clla Val]c  ant] l,ivio  (1 995)]. ‘1’his  brings

the uumhinty  on the distance up to 0.3 mag]litudcs. 1 lowmw, the reader should not bc

]nislcd  by the still apparently small  error bar: it does nc)t take i~lto  account  deviations,

u~ldoubtccl]y  present, of the real light curve from our adopted exponential fit. ‘l’he derived

distance falls just in the middle of the acccptab]c  distance range c{crivcd in the previous

paragraph aud it agrees  remarkably well with tllc Cephcid  distallcc  derived by 1{’crrarcsc

et al. (1 996).  Good agrcclncnt is also prcsellt  bctwccn tllc Ml 00 clistancc  derived in this

pa.pcr  and the distance to Virgo cluster elliptical galaxies dcrivcc] by l)ritchct  and van dcn

IIcrgh  (1 987) froln  observations of six novae (jlo N 31.454 0.43).

W C CO] ICIUCIC  this letter with a s}]ort ]lotc  on the nova rate. l)clla Val]c and IJivio

(1 994) found an approximately linear relationship between tllc rate of production  of novae

and the 11 luminosity of the parent  galaxy. ‘~’llis  rclatiollshi~),  applied to h4 100 [77211  = 8 . 9 7
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]nag,  Aam]son  (1 977)] predicts  that about 15 novae/year arc cxpectcd in tllc galaxy. A.~)

empiric.a] cstilnak  of the nova rate ill Ml O(I is easily clcrivccl. ‘1’he Wl~PC2 ficlcl  of view,

wl)ic.h is w 5.7 arcscc squared, covers  about  1 /4 of the stellar flux of the entire galaxy.

IIaving  observed onc  nova i~] a 58--day window, the nova rate pm year is about  25, in

agrcxuncnt  with the l)clla Vallc  mid I,ivio  (1 994) prcdictiol).

WC arc indeb ted  to l)r. Joh]l  G r a h a m  for the ]nally  suggcstio]ls  and co]nmm]ts.  WC

wish to thank  lb-. IL l’clcticr  who kindly made availab]c tl)c  ground-based image of hl 100

shown in l’late 1. Support for this work was providccl  by IIASA through grant numbcx

2227-87A from the Space ‘1’clcscopc Scicllcc  IIlstitutc  which is operated by the Association]]

of lJnivcrsitics  for l{cscarch  in Astronomy inc. under NASA Contract, NAS5-26555.  MI,

acknowledges support from hTASA Grant NAGW- 2678 at the Space ‘1’clcscopcx  Scicncm

]nstitutc,



‘J’ahlc! 1. \7 and 1 ]’])oto]nctry  of the h41 ()() Nova
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2449485.22

2449485.35

244!2489.04

2449493.53
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2449523.09
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25.063 0.16
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24,433 0.04
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25.294 0.08

24.153 0.07

25.673 0.10
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26.01 + 0.15

26.283 0.18

26.284 0.19

26.574. 0.1$)

26.60i 0.24

25,184 0.17

25.10 i 0.14

h’l)e V and 1 magnitudesrepor~ed  are notcorrectec]  for extinction (see text),
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l“ig. 1, ‘J’hc V and I ligl)t cu rves  of the nova. ‘1’}]c  lnagnitudcx  arc noi corrcctcci  fo r

cxtillction. ‘J’hc solid lillcs arc t}Ic hd cx}m]lcmtial  fits to thclipjlt  cu rves  a f t e r  ou tburs t

(SCC kxt for further mpla]latio]l).

l’ late 1.  A (lccl>ll  SrJ'/M~l~}'C2 cx}jos~lleo  fhJl@Oi ss~l1~c1il~l1)osc(l  to aground  based image

o b t a i n e d  by 1{. l)clcticr with tllc lil’1’  at l,a l’alma. ‘I1lIC IJosition of tllc Ilova is show]l by

tllcwllitc  circle.

l’late 2. ‘1’he nova,  (SI)OWW by the arrow) at four different epochs.  ‘1’hc first epoch  w a s

obtained  before the nova outburst. ltach panel shows a 22t’ x 22” region  of tl]c  sky.
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